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This application is a continuation-in-part of 
our copending applications Serial No. 490,490, 
filed June 11, 1943, for a Method of Treating Hy- 
drocarbon Oils and Serial No. 490,491, filed June 
11, 1943, for a Method of Treating Hydrocarbon 
Oils (now Patent No. 2,516,837), which, in turn, 
are continuations-in-part of our (now aban- 
doned) application Serïal No. 463,688, filed Octo- 
ber 28, 1942, for a Method of Sweetening Hydro- 
carbons. 
This invention is directed to the treatment of 
hydrocarbon oils for the reduction of the mer- 
captan sulfur content thereof, particularly in- 
tended to provide a finished gasoline fraction 
which is either "sweet" fo the "doctor" test or 
is sufficiently low in sulfur to be acceptable under 
specifications wherein the "doctor" test is hot 
used and total sulfur content is determined. 
In treating hydrocarbons, such as straight run 
gasoline, natural gasoline, cracked gasoline aad 
the like, to render them sweet to the "doctor" 
test, the objective is to remove materials of the 
nature of hydrogen sulfide, mercaptans or the 
like or to convert them to innocuous compounds. 
Washing with aqueous solutions of strong alka- 
lies, such as caustic soda will remove most of 
the hydrogen sulfide and some, but hot all, of 
the mercaptans. Washing with aqueous caustic 
fo which some material bas been added as a 
"solutizer," or solubility promoter, enables the 
caustic fo dissolve and remove more or all of 
the mercaptans. Butylene glycols, butyric acids, 
and phenolic material are so used. Older meth- 
ods make use of sodium plumbite formed by dis- 
solving litharge in caustic soda, the effect here 
being fo convert mercaptans to mercaptides and 
later fo disulfides, which are innocuous fo the 
"doctor" test, by addition of free sulfur. 
In general, all processes of this kind leave 
something fo be desired, and this field, one of 
the oldest in petroleum refining, is still the sub- 
ject of active research. 
This invention bas Ïor its object the provision 
of a method for treatment of light petroleum 
hydrocarbons of the nature of gasoline, natural 
gasoline, cracked gasoline, kerosenes, solvents 
and the like, capable of effecting very consider- 
able reductions in the mercaptan sulfur content 
of the material so treated and particularly ca- 
pable of providing a process of this general kind 

2 
in which the reagent useful for the removal of 
mercaptan sulfur may be regenerated cheaply, 
effectively and with certainty. As one phase oî 
this general object, the process provides the pos- 
5 sibility of recovering disulfides of paraffin hydro- 
carbons of low molecular weight as products. 
This invention is based upon the discovery that 
if small percentages of polyhydroxy aromatic 
compounds be added to a caustic solution which 
le has been utilized or is to be utflized as a reagent 
for the removal of mercaptan sulfur and similar 
acidic materials, that the mercaptans may be 
readfly removed and the spent caustic solution 
regenerated for re-use by blowing with air or 
]5 other oxidizing gas under certain controlled con- 
ditions. 
It is known that caustic soda solution is a com- 
petent reagent for the removal of mercaptans of 
low molecular weight and as such it finds a posi- 
20 tion as a most useful treating agent for gaso- 
line fractions from various sources containing 
such bodies. While this saine reagent is less effi- 
cient in the removal of higher mercaptans, if ls 
capable, when used in sufficient quantifies, of 
25 effecting such removal. More usually the caustic 
solution is re-eniorced in ifs ability to remove the 
higher mercaptans by the addition of materials 
spoken of in the art as "solutizers" because they 
increase the mercaptan removal power of the 
30 caustic. Many materials, including glycols, such 
as butylene glycol, monocarboxylic acids such as 
butyric acid, and phenolic materials, such as 
cresol are so used as solutizers. 
In all cases, however, it has been round nec- 
35 essary to regenerate the caustic solutions by 
steaming fo remove mercaptans. The relative 
cost o this procedule incieases sharply as the 
mercaptan sulfur concentration of the treating 
solution decreases. High regeneration costs of 
40 steaming therefore limit the fiexibility of treat- 
ing processes, in that more elaborate mercaptan 
removal equipment must be used in conjunction 
with regeneration by steaming than would be 
required with a more efficient method of regen- 
45 eration. 
It has been round that when polyhydroxy aro- 
matic compounds such as hydroquinone, pyro- 
ga!lol, alkyl substituted pyrogallol, resorcinol, 
catechol, anthragallol and the like are present 
50 in small amounts in the caustic solution, either 
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with or without solutizers, that a ready, effective, 
and cheap regeneration can be conducted under 
certain conditions hereinafter defined, by a 
simple process of blowing with air or other 
oxidizing gas ai atmospheric temperatures. 
The process herein proposed is one wherein a 
gasoline or oher light hydrocarbon fraction. 
containing mercaptan sulfur is contacted in an 
oxygen free contacting system of the type usual 
in the indusry, with  caustic alkali reagent of 
the type normally used for removal of mercaptan 
sueur, the reaction in this stage hot being one 
of converting mercaptans to disulfides but being 
merely a removal of the mercaptans from the off 
by combination with the reagent in the form of 
mercaptides. This reagent containing mer, cap- 
fans is then separated from the treated off and 
removed to a point external fo the off treating 
zone for regeneration. If is there regenerated 
by blowing with air resulting in the formation 
of disulfides which separate in an oily layer from 
the aqueous alkaline reagent and may be removed 
therefrom. The reagent thus regenerated .is.re- 
turned fo the treating process. This operation 
differs from previously conducted operations of 
this kind wherein oxidation regeneration can be 
gotten, if at all, only with exceeding slowness. 
in out operation, we add to the caustic alkaline 
reagent, prior fo regeneration, a small amount of 
a polyhydroxy aromatic compound and prefer- 
ably a small amount of polyhydroxy benzene, 
such as pyrogallol, hydroquinone or resorcinol. 
These materials catalyze oxidation of mercap- 
rides to disulfides. A major.characteristic of the 
process arises from the fact that the oxidization 
regeneration is controlled. H allowed fo go fo 
completion, the mercaptides are first reduced to 
a certain low level and then the polyhydroxy 
benzene is itself oxidized, becoming useless for 
further utilization in the process. We bave round 
that if the oxidization be carried only fo .a certain 
level of mercaptan sulfur, that the polyhydroxy 
benzenes are hot themselves oxidized and remain 
in the solution capable of continued re-use ex- 
cept for an extremely minor amount of makeup. 
We are aware that it bas previously been pro- 
posed to utilize caustic alkaline reagents contain- 
ing polyhydroxy benzenes in a "doctor" sweeten- 
ing reaction in which the treating reagent con- 
taining the cata]yst was activated by a mild oxi- 
dation and then contacted with oil to give fise in 
the contacting operation to a change of mercap- 
fans to disulfides which remain in the off, the 
treating reagent then being removed and revivi- 
fied by a mfld oxidizing reaction and returned. 
Itis quite clear that such a process would effec 
no reduction of total sulfur in the off. It would 
merely alter the form of the sulfm- compounds 
from the mercaptan fo the disulfide îorm. Inso- 
far as a process for merely "sweetening" the off, 
this is capable. However, since sulfur in the fmTa 
of disulfides exhibits a very marked effect in 
lowering the lad response of a gasoline, that is, 
in lewering the amount by which its anti-knock 
capability may be increased upon the addition of 
a specified amount of tetra ethyl lead, processes 
which mere!y sweeten are no longer highly useful. 
To preperly control lead response, it is necessalT, 
hot to change the type of sulfur compounds in 
the off but actually to remove them. This is what 
is accomplished by out process. The mercaptans 
are dissolved in the caustic and separated from 
the off, then they are changed fo disulfides and 
separated ïrom the caustic. 
When so utilized, the caustic alka]ine solutions 
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containing polyhydroxy aromatic compounds e,. "- 
hibit a high capability for catalyzing the oxida- 
tion of mercaptans to disulfides. This capabflity 
may be expressed as a rate for preferred materials 
5 of the class polyhydroxy aromatic compounds of 
regeneration. The following table shows some 
figures concerning this rate, the figures being dc- 
rived from laboratory experiments conducted 
under careful control to eliminate commercial 
]0 process.variab]es but which refiect actual com- 
mercia! operation. 
The procedure used in this case was as follows. 
A-treating ,solution was carefully prepared con- 
sisting of 5 N .NaOtt and 1 N para-cresol contain- 
]5 ing 1 per,cert ofmercaptan sulfur, and the cata- 
lyst added fo this solution after the mercaptans. 
The solution is .shaken with air in a separatory 
ïunnel for one-minute, the ratio of air fo solu- 
tion being 6 to l. The air is then replaced by 
2O fiushing with low pressure air for ten seconds 
and the procedure repeated. The rate of fall of 
mercaptan concentration is a measure of the ac- 
tiity of the catalyst. The followini table gives 
a numbor of rcsults obtained by this procedurc: 
25 
TABOE I 
Mercaptan .sul/ur regeneration rates, per 
.cent/rein., 1 N Na p-cresylate solutiVns 
containing n-butgl mercaptan 

3o 
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Constituent Conc., Per ccnt quinonoItydr°"  lyro -gal]ol 
0 ................................................ 0,003 ] 0,003 
o.» ............................................. I o.oI o. 
1.00." ............................................ 0.163 II 0. 334 
0.50 ............................................ 0.163 I 0.350 

These figm'es indicate a high catalytic activity 
for oxidizing mercaptans possessed by relatively 
40 
quite small amounts of polyhydroxy benzenes. It 
will also be noted that regeneration in the pres- 
ence of pyrogallol, which is an aromatic com- 
pound having three hydroxy groups attached fo 
a single benzene ring in adjacent positions, 
45 approximately twice as rapid as in the presence 
of the dihydroxy benzene, hydroquinone. Ac- 
cordingly, other conditions being equal it is pre- 
ferred fo employ an aromatic compound having 
three hydroxy groups attached to a single benzene 
5o ring in adjacent positions such as pyrogallol, 
aikyl derivatives and anthragallol. 
The broad concept herein disclosed and deîïned 
as the method of reactivating an alkali solution 
which bas been nsed to extract asphaltic sulphur 
55 compunds from hydrocarbon off comprising con- 
tacting said solution with a gas containing frce 
oxygen in presence of a substance containing a 
substantial portion of an aromatic compound 
containing oy three hydroxyl groups all of which 
60 are attached to a single benzene ring in posi- 
tions immediately adjacent fo each other 
the subject marrer of an interference in which 
the award oï priority was marie fo applicants. 
ttowever, i vould appear that the prior art par- 
65 ticularly when taken in conjunction with 
garian Patent No. 126,544 raises a vm strong 
presumption that the invention as defined by the 
counts of said interference is hot patentable, and 
that such counts would be invalid. Accordingly, 
7O applicants bave disclaimed the subject marrer of 
the eounts priority of which was awarded to 
them. 
It was previously remarked that if is necessary 
to control the degree of oxidation. Certain tabu- 
75 lar data is presented following fo show the 



amount of su]fur in the form of mercaptan sulïur 
which must be retained in the solution undergo- 
ing regeneraion to protect the oxidation catalyst 
and prevent ifs oxidation. Once again these are 
laboratory tests but reflect quite accurately com- 5 
mercial operation. 
The procedure used in conducting these tests 
was as follows: A solution containing rive gram 
moles/liter of free NaOit, one gram mole of 
sodium cresylate, and a given concentration of 10 
oxidation catalyst is Prepared for testing. A con- 
centration of n-butyl mercaptan greater than 
necessary for stabi]ization is then added to the 
solution. The solution is then alternately re- 
generated by air blowing and refortified with 15 
mercaptan for a total of seven such operations. 
The degree of regeneration is controIled so that 
the deviation in mercaptan concentration is ap- 
proximate!y 0.2 per cent by weight during each 
cycle. Af the end of seven cycles the solution is 20 
analyzed for ifs catalyst content. If no appreci- 
able reduction in catalyst concentration is ob- 
tained during the above operation the process is 
repeated using the same solution but af a lower 
mercaptan concentration. Whenever the cata- 25 
lyst content is round fo bave been appreciably 
reduced by this procedure if is evident that the 
mercaptan concentration present was not suffi- 
cient for catalyst stabilization. Results are given 
in the following table: 30 
TABOE II 
L O RSH oc. or roeGo o 
catalyses 

Material 

pïogallol ............................ 
ttydroquinone ........................ 

n-Butyl Mer- 
captan Used 
Catalyst-- 
Conc., Weight 
Per cent 

0. 25 
0. 50 
1.0 
1.5 
0.5 
1.0 
1.5 

s (SH) 
(one., 
Weight 
Per cent 

O. 35 
0.45 
O. 60 
O. 75 
O. 55 
O. 50 
O. 65 

35 

4O 

45 

1 n-Propyl mercaptan used in this determination. 
Thus if wfll be seen that in using such reagents 
under the indicated control, a very effective oper- 
ation is attained. The operation is of interest 50 
ïrom several respects. As a major cost item, the 
cost of steaming is replaced by the cost of supply- 
ing air at relatively low pressure. The steaming 
operation usually necessitates the use of equip- 
ment comparable with a fractionation, that is, 55 
a bubble plate tower of fait height, while the 
air blowing may be accomplished with relatively 
simple and inexpensive equipment. The amount 
oï air used is relatively small, usually not ex- 
ceeding over three or four rimes the theoretical. 60 
Due fo the ability of control of regeneration, the 
caustic solutions utilized need not be of unduly 
high viscosity since they may be regenerated o 
the ,point where they are quite efficient as pick-up, 
agents, even af moderate concentrations of caus- 65 
tic. 
Of great importance is the fact that by this 
process, the sulfur is actually removed ïrom the 
off and hot merely converted in form and allowed 
to remain in the off. 70 
The caustic solution may be either sodium hy- 
droxide or potassium hydroxide and if wfll usually 
be a solution of a concentration between about 
10 per cent caustic and 45 per cent caustic. From 
the standpoint of efficiency, potassium hydroxide 75 

is fo be preferred. However, cost relationships 
will probably more usually indicate sodium hy- 
droxide as the alkali fo be used. The concentra- 
tion of the polyhydroxy aromatic compound in 
the treating solution may vary. If bas been round 
that from 1 per cent o 3 per cent by weight ap- 
pears to be the most effective concentration, al- 
though concentrations as low as 0.01 per cent 
may be used. On the upper end, concentrations 
higher than 5.0 per cent ppear at present fo 
yield diminishing returns. The treating solution 
may be contacted with the off to be treated in 
any conventional treating system, such as in a 
packed tower or any system providing countercur- 
rently arranged contacting stages. The amount 
of solution fo be used may be varied fo the in- 
dividual treating requiremenf, but in general, 
will be from 1 per cent to 50 per cent by voltune 
of the off being treated. The treating tempera- 
ture may vary. For practical operation, a tem- 
perature of 75-100 ° F. is recommended. ince 
this is qtiite a usual atmospheric temperature or 
readfly attainable around an off refmery, this 
phase of the operation presents no difficulties. 
The degree of regeneration of the reagent which 
is the important point of control in the process 
should be so conducted as fo leave not less than 
about 0.05 per cent by weight of sulfur calculated 
as mercptan sulfur in the reagent. It is obvious 
that larger amounts must be utflized for protec- 
tion of larger concentrations of catalyst as is 
shown by Table II above. 
We claire: 
1. The method of reactivating alkali solution 
which bas been used to extract weaMy acidic 
sulfur compounds from hydrocarbon off compris- 
ing contacting said solution with an oxidizing 
gas containing free oxygen in the presence of 
a substance containing a substantial portion of 
an aromatic compound containing only three hy- 
droxyl groups, all of which are attached to a 
single benzene ring in positions immediately ad- 
jacent fo each other for such limited rime that 
such weakly acidic sulïur compounds are oxidized 
fo an extent that only a small portion hereof 
remains sufficient fo substantially reduce any 
portion of said aromatic compound that may be- 
corne oxidized. 
2. The method of reactivating alkali solution 
which bas been used fo extract mercaptans from 
hydrocarbon off which comprises contacting said 
solution containing mercaptides with an oxidizing 
gas containing free oxygen in the presence oï a 
small amount of aromatic compound containing 
only three hydroxyl groups attached to a single 
benzene ring in positions immediately adjacent 
fo each other for such limited rime that said 
mercaptides are oxidized to an extent that only 
a small portion thereof remains sufficient fo sub- 
stantially reduce any portion of said aromatic 
compound that may become oxidized. 
3. The method of reactivating alkali solution 
containing mercaptides which comprises contact- 
ing an alkaline solution containing mercaptides 
with gas containing ïree oxygen in the presence 
of a substance containing a substantial portion 
of an aromatic compound containing only three 
hydroxyl groups all of which are attached fo a 
single benzene ring in immediately adjacent posi- 
tions fo convert said mercaptides fo polysulfides 
but to leave at least 0.0 per cent by weight oï 
su]fur.as mercaptides. 
4. The method of reactivating alkali solution 
containing mercaptides which comprises contact- 
ing an alkaline solution containing mercaptides 
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RI S Contàinïng free 6kygen in the presencë 
ùf àfl ïoiïat|c compodnd containig only thee 
ydf0xl gr0u .all of hich ae attached  a 
inglë êne rg in ieditély sdjaeht si- 
tiS  er said mercaptidës topolysues 5 
Ut- iéé unonverd about 035 Welght per 
cënt uïfut às ercaptides. 
JOHN PEL. 
STEPN P. CAULEY. 
-RËFERENCES CITED 10 
he 0116wing teerences are o record in the 
file 6f this patêht: 

8 
UNITED STATES PATENTS 

Number 
1,855,353 
1,943,744 
2,001,715 
2,015,038 
2,316,092 
2,341,917 

Number 
126,544 

Name Date 
Jacobson ........... Aug. 26, 1932 
Rosenstein .......... Jan. 16, 1934 
Fischer ............ May 21, 1935 
Pevere ............. Sept. 17, 1935 
Loyd ................ Apr. 6, 1943 
Henderson ......... Feb. 15, 1944 
FOREIGN .PATENTS 
Country Date 
Hungary ........... NIar. 17, 1941 



